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ered about the current resources allocated to control planes 
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METHOD AND SYSTEM FOR PERFORMING 
LOAD BALANCING ACROSS CONTROL PLANES 

IN A DATA CENTER 

BACKGROUND 

[0001] Data centers and timesharing have been used for 
over 40 years in the computing industry. Timesharing, the 
concept of linking a large numbers of users to a single 
computer via remote terminals, Was developed at MIT in the 
late 1950s and early 1960s. Apopular timesharing system in 
the late 1970’s to early 1980’s Was the CDC Cybernet 
netWork. Many other netWorks eXisted. The total computing 
poWer of large mainframe computers Was typically more 
than the average user needed. It Was therefore more ef?cient 
and economical to lease time and resources on a shared 
netWork. Each user Was allotted a certain unit of time Within 
a larger unit of time. For instance, in one second, 5 users 
might be allotted 200 microseconds apiece, hence, the term 
timesharing. These early mainframes Were very large and 
often needed to be housed in separate rooms With their oWn 
climate control. 

[0002] As hardWare costs and siZe came doWn, mini 
computers and personal computers began to be popular. The 
users had more control over their resources, and often did 
not need the computing poWer of the large mainframes. 
These smaller computers Were often linked together in a 
local area netWork (LAN) so that some resources could be 
shared (e.g., printers) and so that users of the computers 
could more easily communicate With one another (e.g., 
electronic mail, or e-mail, instant chat services as in the 
PHONE facility available on the DEC VAX computers). 

[0003] As the Information Technology (IT) industry 
matured, softWare applications became more memory, CPU 
and resource intensive. With the advent of a global, distrib 
uted computer netWorks, i.e., the Internet, more users Were 
using more softWare applications, netWork resources and 
communication tools than ever before. Maintaining and 
administering the hardWare and softWare on these netWorks 
could be a nightmare for a small organiZation. Thus, there 
has been a push in the industry toWard open applications, 
interoperable code and a re-centraliZation of both hardWare 
and softWare assets. This re-centraliZation Would enable end 
users to operate sophisticated hardWare and softWare sys 
tems, eliminating the need to be entirely computer and 
netWork literate, and also eliminating direct maintenance 
and upgrade costs. 

[0004] With Internet Service Providers (ISPs), Application 
Service Providers (ASPs) and centraliZed Internet and Enter 
prise Data Centers (IDCs), or NetWork Operation Centers 
(NOCs), the end user is provided With up-to-date hardWare 
and softWare resources and applications. The centers can 
also provide resource redundancy and “alWays on” capa 
bilities because of the economies of scale in operating a 
multi-user data center. 

[0005] Thus, With the desire to return to time and resource 
sharing among enterprises (or organizations), in the form of 
IDCs and NOCs, there is a need to optimiZe the center’s 
resources While maintaining a state-of-the-art facility for the 
users. There is also a need to provide security and integrity 
of individual enterprise data and ensure that data of more 
than one enterprise, or customer, are not co-mingled. In a 
typical enterprise, there may be signi?cant doWntime of the 
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netWork While resources are upgraded or replaced due to 
failure or obsolescence. These shared facilities must be 

available 24-7 (i.e., around the clock) and yet, also be 
maintained With state-of-the art hardWare and softWare. 

[0006] A typical IDC of the prior art consists of one or 
more separate enterprises. Each customer leases a separate 
LAN Within the IDC, Which hosts the customer’s enterprise. 
The individual LAN s may provide alWays-on Internet infra 
structure (AOII), but require separate maintenance and sup 
port. When an operating system requires upgrade or patch 
ing, each system must be upgraded separately. This can be 
time intensive and redundant. 

[0007] There are a number of tools and systems in the 
prior art for measuring performance and run time metrics of 
systems. These tools typically analyZe only performance 
criteria in a single enterprise. Optimal resource sharing 
among enterprises in a data center has not been imple 
mented. An attribute of a data center environment is that the 
computing resources are most often “replaceable units” that 
can be easily substituted for each other. Further, some 
components of the data center have eXcess capacity and 
could be shared. 

SUMMARY 

[0008] According to one embodiment of the present inven 
tion, a data center has an actual netWork of resources With 
one or more virtual networks Within it. Any enterprise 
customer may use any given resource as if the resource Were 

located on a physical local area netWork (LAN) separable 
from other data center resources. The resources are con 

nected to one or more control planes, or trusted domains. A 
control plane automatically manages enterprise resources 
and identi?es Which resources are dedicated to Which enter 
prise Within the control plane. Atypical resource is allocated 
to a single enterprise. HoWever, for resources that can be 
segmented, different enterprises may share the resource and 
be allocated a dedicated partition of that resource, e.g., 
storage banks With physical disk partitions. 

[0009] The one or more control planes are connected to a 
NetWork Operation Center (NOC) system, Which oversees 
and monitors the entire data center. The control plane helps 
to manage and control the alWays-on aspects of the enter 
prises. The NOC is connected to the control planes for 
monitoring and further oversight control, through one or 
more ?reWalls. 

[0010] Support level monitoring tools, or measurement 
tools, are deployed to the control planes and netWork 
resources upon deployment of the UDC. Additional mea 
surement tools can be deployed by a NOC operator at any 
time after deployment of the UDC. Performance measures 
for each mini data center, or virtual local area netWork 
(VLAN), in a control plane are collected. NetWork traf?c 
measurements are also collected throughout the UDC. Each 
control plane analyZes the performance metrics for the 
resources Within in its control. If load balancing among the 
VLANs is desired, resources are automatically reallocated 
throughout the control plane, if authoriZed. If netWork 
resources throughout the UDC are allocated sub-optimally, 
then a NOC operator is noti?ed and resources are adjusted 
accordingly. 
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DESCRIPTION OF THE DRAWINGS 

[0011] The detailed description Will refer to the following 
drawings, Wherein like numerals refer to like elements, and 
Wherein: 

[0012] FIG. 1 is a block diagram shoWing an embodiment 
of a Utility Data Center (UDC) With virtual local area 
netWorks (VLAN s); 
[0013] FIG. 2 is a hierarchical block diagram representing 
the tWo VLAN con?gurations Within a UDC, as shoWn in 
FIG. 1; 

[0014] FIG. 3 is a block diagram of an embodiment of a 
UDC With multiple control planes With oversight by a NOC, 
and supported by an outside entity; 

[0015] FIG. 4 is a block diagram of an embodiment of a 
control plane management system of a UDC; 

[0016] FIG. 5 is a block diagram of an embodiment of a 
management portal segment layer of a UDC; 

[0017] FIG. 6 is a block diagram of an embodiment of a 
high availability observatory (HAO) support model of a 
UDC; 

[0018] FIG. 7 is a block diagram of a virtual support node 
(VSN) and VLAN tagging system used to segregate the 
VLANs of a UDC; 

[0019] FIG. 8 is a block diagram of support services 
through ?reWalls as relates to a UDC; 

[0020] FIG. 9, is a block diagram shoWing an exemplary 
UDC having load balancing tools as described herein; 

[0021] FIG. 10 is a block diagram shoWing the UDC of 
FIG. 9 With additional enterprises (VLANs) deployed and a 
connection to the Internet; and 

[0022] FIG. 11 is a block diagram shoWing an exemplary 
UDC With recon?gured control planes. 

DETAILED DESCRIPTION 

[0023] An embodiment of the present invention combines 
eXisting support tools/agents With AOII (AlWays On Internet 
Infrastructure) technology in a Utility Data Center (UDC) to 
recogniZe and deploy message/data traf?c through to virtual 
customer enterprises. The AOII technology uses a control 
plane, or communication and control layer, to control 
resources and message/data traffic among the UDC 
resources. The control plane manages the virtual local area 
netWorks (VLANs) that comprise a set of mini-data centers 
(MDCs), or customer enterprises. These capabilities are 
leveraged to deploy pre-packaged and/or customiZed sup 
port tools to an end-customer. This presents a clear business 
advantage in terms of cost reduction of support. End 
customers no longer need to install and maintain support 
tools. This can be accomplished via the mid-customer, or 
UDC oWner/operator. Additionally, maintenance of the sup 
port toolset can be done by the mid-customer providing 
economy of scale. 

[0024] An advantage of an “alWays-on” infrastructure is 
hardWare and softWare redundancy. If a component fails, the 
AOII Will automatically sWitch out the failed component 
With a redundant unit. The AOII keeps track of Which 
applications are con?gured on Which hardWare, and Which 
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ones are active. The netWork is monitored constantly for 
status. An eXample of a current system Which Will monitor 
an enterprise and assist in sWapping out failed components 
is MC/ServiceGuard, available from HeWlett-Packard Com 
pany. AOII systems in the prior art are speci?c to an 
enterprise. Thus, each enterprise had to be monitored and 
maintained separately. An embodiment of the present inven 
tion promotes optimal resource use by creating virtual LAN s 
(VLANs) Within the UDC (or control plane) netWork. 

[0025] Referring noW to the draWings, and in particular to 
FIG. 1, there is shoWn a simpli?ed embodiment of a UDC 
100 With tWo VLAN s, or mini-data centers (MD Cs) 110 and 
120. MDC-A 110 comprises a host device 111; resources 
143; and storage 131. MDC-B 120 comprises a host device 
121; resources 141; and storage 133 and 135. AUDC control 
plane manager 101 controls the virtual MDC netWorks. 
Spare resources 145 are controlled by the control plane 
manager 101 and assigned to VLANs, as necessary. A UDC 
control plane manager 101 may comprise a control plane 
database, backup management server, tape library, disk 
array, netWork storage, poWer management appliance, ter 
minal server, SCSI gateWay, and other hardWare compo 
nents, as necessary. 

[0026] The entire UDC netWork here is shoWn as an 
Ethernet hub netWork With the control plane manager in the 
center, controlling all other enterprise devices. It Will be 
apparent to one of ordinary skill in the art that other netWork 
con?gurations may be used, for instance, a daisy chain 
con?guration. 

[0027] In this embodiment, one control plane manager 101 
controls MDC-A 110 and MDC-B 120. In systems of the 
prior art, MDC-A and MDC-B Would be separate enterprise 
netWorks With separate communication lines and mutually 
eXclusive storage and resource devices. In the embodiment 
of FIG. 1, the control plane manager 101 controls commu 
nication betWeen the MDC-A 110 and MDC-B 120 enter 
prises and their respective peripheral devices. This is accom 
plished using VLAN tags in the message traf?c. A UDC may 
have more than one control plane controlling many different 
VLANs, or enterprises. The UDC is monitored and con 
trolled at a higher level by the netWork operation center 
(NOC)(not shoWn). 
[0028] Referring noW to FIG. 2, there is shoWn an alter 
nate hierarchical representation 200 of the tWo virtual net 
Works (VLANs) in a UDC, as depicted in FIG. 1. VLAN A 
210 is a hierarchical representation of the virtual netWork 
comprising MDC-A 110. VLAN B 220 is a hierarchical 
representation of the virtual netWork comprising MDC-B 
120. The control plane manager 101 controls message traf?c 
betWeen the MDC host device(s) (111 and 121), their 
peripheral devices/resources (131, 132, 143, 133, 135 and 
141). An optional ?ber of SCSI (small computer system 
interface) netWork 134, 136 may be used so that the VLAN 
can connect directly to storage device 132. The ?ber net 
Work is assigned to the VLAN by the control plane manager 
101. The VLANs can communicate to an outside netWork, 
e.g., the Internet 260, directly through a ?reWall 275. It Will 
be apparent to one of ordinary skill in the art that the 
enterprises could be connected to the end user 250 through 
an intranet, eXtranet or another communication netWork. 
Further, this connection may be Wired or Wireless, or a 
combination of both. 
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[0029] The control plane manager 101 recognizes the 
individual VLANs and captures information about the 
resources (systems, routers, storage, etc.) Within the VLAN s 
through a softWare implemented ?rewall. It monitors sup 
port information from the virtual enterprises (individual 
VLANs). The control plane manager also provides proxy 
support Within the UDC control plane ?reWall 275 Which 
can be utiliZed to relay information to and from the indi 
vidual VLANs. It also supports a hierarchical representation 
of the virtual enterprise, as shoWn in FIG. 2. An advantage 
of a centraliZed control plane manager is that only one is 
needed for multiple VLANs. Prior art solutions required a 
physical support node for each virtual enterprise (customer) 
and required that support services be installed for each 
enterprise. 
[0030] The netWork operation center (NOC) 280 is con 
nected to the UDC control plane manager 101 via a ?reWall 
285. The UDC control plane manager 101 communicates 
With the VLANs via a softWare implemented ?reWall archi 
tecture. In systems of the prior art, the NOC could not 
support either the control plane level or the VLAN level 
because it could not monitor or maintain netWork resources 
through the various ?reWalls. An advantage of the present 
invention is that the NOC 280 is able to communicate to the 
control plane and VLAN hierarchical levels of the UDC 
using the same holes, or trusted ports, that exist for other 
communications. Thus, an operator controlling the NOC 280 
can install, maintain and recon?gure UDC resources from a 
higher hierarchical level than previously possible. This 
bene?t results in both cost and time savings because mul 
tiple control planes and VLANs can be maintained simul 
taneously. 

[0031] Referring noW to FIG. 3, there is shoWn a simpli 
?ed UDC 300 With multiple control plane managers 311 and 
321 controlling several VLANs 313, 315, 317, 323, 325, and 
327. In addition, the control planes control spare resources 
319 and 329. Ahigher level monitoring system, also knoWn 
as a netWork operation center (NOC) 301, is connected to 
the control planes 311 and 321 via a ?reWall 375. A VLAN 
can be connected to an outside netWork through a ?reWall as 
shoWn at VLAN C 327 and ?reWall 328. The NOC 301 has 
access to information about each VLAN 313, 315, 317, 323, 
325 and 327 via a virtual protocol netWork (VPN). Typically, 
a human operator Will operate the NOC and monitor the 
entire UDC. The operator may request that a control plane 
311 recon?gure its virtual netWork based on performance 
analysis, or cost bene?t analysis. The present system and 
method also alloWs for automatic recon?guration. 

[0032] For example, if a resource dedicated to VLAN-1 
(313) fails, the control plane 311 Will automatically sWitch 
operation to a redundant resource. Because the netWork uses 
an alWays-on infrastructure, it is desirable to con?gure a 
spare from the set of spares 319 to replace the faulty 
resource, as a neW redundant dedicated resource. In systems 
of the prior art, this enterprise Would be monitored and 
maintained separately. In this embodiment, the NOC 301 
monitors the control planes 311 and 321, as Well as, the 
VLANs 313, 315, 317, 323, 325 and 327. Thus, if none of 
the spares 319 are viable substitutions for the failed com 
ponent, the NOC operator can enable one of the spares 329 
to be used for control plane 311 rather than control plane 
321. Depending on the physical con?guration of the UDC, 
this substitution may require a small update in the VLAN 
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con?gurations of each VLAN, or may require a cable change 
and then a VLAN con?guration change. 

[0033] Because one centraliZed control system (NOC 301) 
is used to monitor and route traf?c among several VLANs a 
high availability observatory (HAO) facility can monitor the 
entire UDC at once. Systems of the prior art use HAO’s at 
an enterprise level, but the HAO could not penetrate 
betWeen the netWork hierarchies from a control plane level 
to the enterprise level. The present system and method has 
the advantage that problems With components of any enter 
prise, or VLAN, Within the UDC can be predicted and 
redundant units Within the UDC can be sWapped and 
repaired, even betWeen and among different control planes 
and VLANs, as necessary. The HAO facility Would predict 
problems, While a facility such as MC/ServiceGuard, avail 
able from HeWlett-Packard Company, Would facility the 
sWapping of redundant units. If an enterprise is not required 
to be “alWays-on” it can operate Without redundant units. 
HoWever, during planned and unplanned system mainte 
nance, the system, or portions of the system may be unavail 
able. Maintenance and support costs Will be favorably 
affected by the use of the NOC regardless of the alWays-on 
capabilities of the individual enterprises. 

[0034] In an embodiment, the HAO performs tWo tasks. 
First, once each day, a remote shell, or execution, (remsh) is 
launched out to each client/component in the UDC that has 
been selected for monitoring. The remsh gathers many 
doZens of con?guration settings, or items, and stores the 
information in a database. Examples of con?guration items 
are: installed softWare and version, installed patches or 
service packs, Work con?guration ?les, operating con?gu 
ration ?les, ?rmWare versions, hardWare attached to the 
system, etc. Analysis can then be performed on the con?gu 
ration data to determine correctness of the con?guration, 
detect changes in the con?guration from a knoWn baseline, 
etc. Further, a hierarchy of the UDC can be ascertained from 
the con?guration data to produce a hierarchical representa 
tion such as shoWn in FIG. 2. Second, a monitoring com 
ponent is installed on each selected component in the UDC. 
The monitoring components send a noti?cation Whenever 
there is a hardWare problem. For instance, a memory unit 
may be experiencing faults, or a poWer supply may be 
?uctuating and appear to be near failure. In this Way, an 
operator at the NOC 301 level or support node 350 level can 
prevent or mitigate imminent or existing failures. It Will be 
apparent to one skilled in the art that a monitoring compo 
nent can be deployed to measure any number of metrics, 
such as performance, integrity, throughput, etc. For instance, 
performance measurements are collected to assist in rebal 
ancing loads throughout the data center. 

[0035] This monitoring and predictive facility may be 
combined With a system such as MC/ServiceGuard. In 
systems of the prior art, MC/ServiceGuard runs at the 
enterprise level. If a problem is detected on a primary system 
in an enterprise, a fail over process is typically performed to 
move all processes from the failed, or failing, component to 
a redundant component already con?gured on the enterprise. 
Thus, the HAO monitors the UDC and predicts necessary 
maintenance or potential con?guration changes. If the 
changes are not made before a failure, the MC/ServiceGuard 
facility can ensure that any doWntime is minimiZed. Some 
enterprise customers may choose not to implement redun 
dant components Within their enterprise. In this case, over 
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sight of the enterprise at the NOC or support node level can 
serve to Warn the customer that failures are imminent, or that 
performance thresholds are being approached, and initiate 
maintenance or upgrades before a debilitating failure. 

[0036] In current systems, an NOC (301) could not moni 
tor or penetrate through the ?reWall to the control plane 
cluster layer (311, 321), or to the enterprise layer (VLAN/ 
MDC 313, 315, 317, 323, 325, 327). In contrast, the present 
system and method is able to deploy agents and monitoring 
components at any level Within the UDC. Thus, the scope of 
service available With an HAO is expanded. The inherent 
holes in the communication mechanisms used to penetrate 
the ?reWalls are used. 

[0037] In an exemplary embodiment, the communication 
mechanism is XML (eXtended Markup Language) Wrapped 
HTTP (hypertext transfer protocol) requests that are trans 
lated by the local agents into the original HAO support 
actions and returned to the originating support request 
mechanism. HTTP may be used for requests originating 
from outside the customer enterprise. SNMP (simple net 
Work management protocol) may be used as a mechanism 
for events originating Within the customer enterprise. This 
and other “client originated events” can be Wrapped into 
XML objects and transported via HTTP to the support node 
350. In alternative embodiments, the support node 350 can 
be anyWhere in the UDC, ie at the control plane level NOC 
level, or even external to the UDC, independent of ?reWalls. 

[0038] The purpose of a ?reWall is to block any netWork 
traf?c coming through. FireWalls can be programmed to let 
certain ports through. For instance, a ?reWall can be con 
?gured to alloW traf?c through port 8080. HTTP (hypertext 
transfer protocol) messages typically use port 8080. In 
systems of the prior art, an HAO is con?gured to commu 
nicate through many ports using remote execution and 
SNMP communication mechanisms. These mechanisms are 
blocked by the default hardWare and VLAN ?reWalls. In the 
present system and method, a single port can be pro 
grammed to send HAO communications through to the 
control plane and enterprise layers. FeWer holes in the 
?reWall are preferred, for ease of monitoring, and minimi 
Zation of security risks. 

[0039] Similar to the architecture of SOAP (Simple Object 
Access Protocol), a series of messages or requests can be 
de?ned to proxy support requests through ?reWalls. An 
example is a “con?guration collection request.” The collec 
tion request is encapsulated in an XML document sent via 
HTTP through the ?reWall to the local agent Within the 
?reWall. The local agent does the collection via remsh as is 
done in the existing HAO. The remsh is performed Within a 
?reWall and not blocked. The results of the request are 
packaged up in an XML reply object and sent back through 
the ?reWall to the originating requesting agent. 

[0040] Referring again to FIG. 2, the control plane can 
provide proxy support Within the UDC control plane ?reWall 
285. For instance, 10-15 different ports might be needed to 
communicate through the ?reWall 275. It is desirable to 
reduce the number of ports, optimally to one. A proxy 
mechanism on each side reduces the number of required 
ports, While alloWing this mechanism to remain transparent 
to the softWare developed using multiple ports. This enables 
each VLAN to use a different port, as far as the monitoring 
tools and control softWare is concerned. Thus, the existing 
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tools do not need to be recoded to accommodate drilling a 
neW hole through the ?reWall each time a neW VLAN is 
deployed. 

[0041] Another example is an event generated Within a 
control plane. A local “event listener” can receive the event, 
translate it into an XML event object, and then send the 
XML object through the ?reWall via HTTP. The HTTP 
listener Within the NOC can accept and translate the event 
back into an SNMP event currently used in the monitoring 
system. 

[0042] An advantage of the UDC architecture is that a 
baseline system can be delivered to a customer as a turnkey 
system. The customer can then add control plane clusters 
and enterprises to the UDC to support enterprise customers, 
as desired. HoWever, the UDC operator may require higher 
level support from the UDC developer. In this case, a 
support node 350 communicates With the NOC 301 via a 
?reWall 395 to provide support. The support node monitors 
and maintains resources Within the UDC through holes in 
the ?reWalls, as discussed above. Thus, the present system 
and method enables a higher level of support to drill doWn 
their support to the control plane and VLAN levels to 
troubleshoot problems and provide recommendations. For 
instance, spare memory components 319 may exist in the 
control plane 311. The support node 350 may predict an 
imminent failure of a memory in a speci?c enterprise 313, 
based on an increased level of correction on data retrieval 
(metric collected by a monitoring agent). If this spare 319 is 
not con?gured as a redundant component in an enterprise, a 
system such as MC/ServiceGuard cannot sWap it in. Instead, 
the support node 350 can deploy the changes in con?gura 
tion through the ?reWalls, and direct the control plane cluster 
to recon?gure the spare memory in place of the memory that 
Will imminently fail. This method of sWapping in spares 
saves the enterprise customers from the expense of having to 
maintain additional hardWare. The hardWare is maintained at 
the UDC level, and only charged to the customer, as needed. 

[0043] Referring noW to FIG. 4, there is shoWn a more 
detailed vieW of an embodiment of a control plane manage 
ment system (410, comprising: 431, 433, 435, 437, 439, 441, 
and 443) (an alternative embodiment to the control plane 
manager of FIGS. 1, 2 and 3) Within a UDC 400. Several 
components of the UDC are shoWn, but at different levels of 
detail. In this ?gure, adjacent components interface With one 
another. The control plane (CP) 401 is shoWn adjacent to the 
public facing DMZ (PFD) 403, secure portal segment (SPS) 
405, netWork operation center (NOC) 407, resource plane 
(RP) 409 and the Public Internet (PI) 411. The various 
virtual LANs, or mini-data centers (MDC) 413 and 415 are 
shoWn adjacent to the resource plane 409 because their 
controlling resources, typically CPUs, are in the RP layer. 

[0044] The control plane 401 encompasses all of the 
devices that administer or that control the VLANs and 
resources Within the MDCs. In this embodiment, the CP 401 
interacts With the other components of the UDC via a CP 
?reWall 421 for communication With the NOC 407; a virtual 
router 423 for communicating With the PI 411; and a number 
of components 455 for interacting With the resource plane 
(RP) 409 and MDCs 413, 415. A control plane manager of 
managers (CPMOM) 431 controls a plurality of control 
plane managers 433 in the CP layer 401. A number of 
components are controlled by the CPMOM 431 or indi 



US 2004/0117476 A1 

vidual CP 433 to maintain the virtual networks, for instance, 
CP Database (CPDB) 435; Control Plane Internet Usage 
Metering (CP IUM) Collector (CPIUM) 437, using Net?oW 
technology (for instance, Cisco IOS Net?oW, available from 
Cisco Systems, Inc.) on routers to monitor paths of traf?c; 
backup and XP management servers 439; restore data mover 
and tape library 441; and backup data mover and tape library 
443. These devices are typically connected via Ethernet 
cables and together With the CPMOM 431 and CP manager 
433 encompass the control plane management system (the 
control plane manager of FIGS. 1-3). There may be netWork 
attached storage (NAS) 453 Which is allocated to a VLAN 
by the CP manager, and/or disk array storage 445 using 
either SCSI or ?ber optic netWork connections and directly 
connected to the resources through ?ber or SCSI connec 
tions. The disk array 445, ?ber channel sWitches 449, and 
SAN/SCSI gateWay 447 exist on their oWn ?ber netWork 
461. The resources 451 are typically CPU-type components 
and are assigned to the VLANs by the CP manager 433. 

[0045] The CP manager 433 coordinates connecting the 
storage systems up to an actual host device in the resource 
plane 409. If a VLAN is to be created, the CP manager 433 
allocates the resources from the RP 409 and talks to the other 
systems, for instance storing the con?guration in the CPDB 
435, etc. The CP manager 433 then sets up a disk array 445 
to connect through a ?ber channel sWitch 449, for example, 
that goes to a SAN/SCSI gateWay 447 that connects up to 
resource device in the VLAN. Depending on the resource 
type and hoW much data is pushed back and forth, it Will 
connect to its disk array via either a small computer system 
interface (SCSI), i.e., through this SCSI/SAN gateWay, or 
through the ?ber channel sWitch. The disk array is Where a 
disk image for a backup is saved. The disk itself doesn’t 
exist in the same realm as Where the host resource is because 
it is not in a VLAN. It is actually on this SAN device 447 
and controlled by the CP manager 433. 

[0046] Things that are assigned to VLANs are things such 
as a ?reWall, that an infrastructure might be built, and a load 
balancer so that multiple systems can be hidden behind one 
IP address. The load balancer balances Internet traffic. A 
router could be added so that a company’s private netWork 
could be added to this infrastructure. A storage system is 
actually assigned to a host device speci?cally. It is assigned 
to a customer, and the customer’s equipment might be 
assigned to one of the VLANs, but the storage system itself 
does not reside on the VLAN. In one embodiment, there is 
storage that plugs into a netWork and that the host computer 
on a VLAN can access through Ethernet netWork. Typically, 
hoW the customer hosts are connected to the disk storage is 
through a different netWork, in one embodiment, through a 
?ber channel netWork 461. There is also a netWork attached 
storage (NAS) device 453, Whereas the other storage device 
that connects up to the host is considered a ?ber channel 
netWork storage device. The NAS storage device 453 con 
nects through an Ethernet netWork and appears as an IP 
address on Which a host can then mount a volume. All of the 
delivery of data is through Ethernet to that device. 

[0047] The control plane manager system 410 has one 
physical connection for connecting to multiples of these 
virtual netWorks. There is a ?reWall function on the system 
410 that protects VLAN A, in this case, and VLAN B from 
seeing each others data even though the CP manager 433 
administers both of these VLANs. 
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[0048] Referring noW to FIG. 5, there is shoWn a more 
detailed vieW of the NOC layer of the UDC 400. The NOC 
407 is connected to the CP 401 via ?reWall 421 (FIG. 4). In 
an exemplary embodiment Within the NOC 407 is a HAO 
support node 501, HP OpenVieW (OV) Management Con 
sole 503 (a netWork product available from HeWlett-Packard 
Company for use in monitoring and collecting information 
Within the data center), IUM NOC Aggregator (NIUM) 505, 
portal database server (PDB) 507, ISM message bus 509, 
ISM service desk 511, ISM infranet portal 513, and ISM 
service info portal 515. The NOC 407 interfaces With the 
secure portal segment (SPS) 405 via a NOC ?reWall 517. 
The SPS 405 has a portal application server (PAS) 519. The 
SPS 405 interfaces With the public facing DMZ (PFD) 403 
via a SPS ?reWall 523. These tWo ?reWalls 517 and 523 
make up a dual bastion ?reWall environment. The PFD 403 
has a portal Web server (PWS) 527 and a load balancer 529. 
The PFD 503 connects to the PI 411 via a PF ?reWall 531. 

[0049] The PFD 403, SPS 405 and NOC layer 407 can 
support multiple CP layers 401. The control planes must 
scale as the number of resources in the resource plane 409 
and MDCs 413 and 415 increase. As more MDCs are 
required, and more resources are utiliZed, more control 
planes are needed. In systems of the prior art, additional 
control planes Would mean additional support and control 
ling nodes. In the present embodiment, the multiple control 
planes can be managed by one NOC layer, thereby reducing 
maintenance costs considerably. 

[0050] Referring noW to FIG. 6, there is shoWn an exem 
plary management structure for a high availability observa 
tory (HAO) support model. The HP HAO support node With 
relay 601 has access to the control plane database (CPDB) 
435 to pull inventory and con?guration information, as 
described above for a simple UDC. The HP HAO support 
node 601 residing in the control plane consolidates and 
forWards to the NOC for the UDC consolidation. In an 
embodiment, a support node (SN) resides at the NOC level 
501 and/or at an external level 350 (FIG. 3). The support 
node 601 is a virtual support node (VSN), or proxy, that 
listens for commands from SN 501 and performs actions on 
its behalf and relays the output back to SN 501 for storage 
or action. Each CP manager system can run multiple VSN 
instances to accommodate multiple VLANs, or MDCs, that 
it manages. The CP manager system 433 then consolidates 
and relays to a consolidator in the CP. The NOC support 
node 501 consolidates multiple CPs and provides the deliv 
ery through the Internet Infrastructure Manager (IIM) portal, 
also knoWn as UDC Utility Data Center Utility Controller 
(UC) management softWare, for client access. This method 
can scale up or doWn depending on the hierarchy of the data 
center. For instance, a support node 350 (FIG. 3) may 
interact With a VSN at the NOC level in order to monitor and 
support the NOC level of the UDC. It may also interact With 
VSNs at the CP level in order to monitor and support the CP 
level of the UDC. 

[0051] The control plane management system has one 
physical connection that connects to multiples of these 
virtual netWorks. There is a ?reWall function on the CP 
management system that protects VLAN A, in the exem 
plary embodiment, for instance, and VLAN B from seeing 
each other’s data even though the control plane management 
system is administrating both of these VLANs. The VLANs 
themselves are considered an isolated netWork. 
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[0052] Information still needs to be communicated back 
through the ?rewall, but the information is gathered from 
multiple networks. The VLAN tagging piece of that gath 
ering is the means by Which this data is communicated. In 
the typical netWork environment of the prior art, there are 
multiple netWork interfaces. Thus, a system Would have to 
have multiple cards in it for every netWork that it is 
connecting to. In the present system, the CP management 
system only has one connection and uses this communica 
tion gateWay to see all of the netWorks (VLAN s) and transfer 
information for these VLANs up to the support node by 
using VLAN tagging in the card. 

[0053] Information can be sent back and forth from the CP 
management system to the VLANs, but by virtue of the 
protocol of the gateWay, information cannot be sent from 
one VLAN to the other. Thus, the information remains 
secure. This gateWay is also knoWn as a VLAN tag card. 
This type of card is currently being made by 3COM and 
other manufacturers. The present system differs from the 
prior art because it securely monitors all of the HAO through 
this one card. 

[0054] Referring noW to FIG. 7, there is shoWn the 
common netWork interface card and its interaction With the 
VLAN s. The CP management system sees all of the resource 
VLANs; it has a common netWork interface card 701 With 
a ?reWall piece (not shoWn). A gateWay is created With the 
HAO that alloWs it to perform the HAO support functions. 
The virtual support nodes (VSN) 721 connect to all of these 
different VLANs 703, 705, 707 through one interface. The 
support relay agent (SRA) 709 communicates all of the 
secure information through the common netWork interface 
701. The SRA 709 is used to translate support requests 
speci?c to the virtual support nodes into “?reWall save” 
communications. For example, HTTP requests can be made 
through the ?reWall Where they get proxied to the actual 
support tools. The existing art of “SOAP” (Simple Object 
Access Protocol) is a good Working example as to hoW this 
Would Work. This is predicated on the currently acceptable 
practice of alloWing holes in ?reWalls for HTTP traf?c. The 
virtual support node uses the industry standard and accepted 
protocol of HTTP to drill through the ?reWalls. UtiliZing a 
SOAP type mechanism, collection requests and client-origi 
nated events are Wrapped in XML objects and passed 
through the ?reWall betWeen “HAO Proxies.” 

[0055] Referring noW to FIG. 8, there is shoWn a block 
diagram of support services through ?reWalls as relates to a 
data center. Standard support services 801 such as event 
monitoring and con?guration gathering can be accom 
plished remotely in spite of the existence of ?reWalls 803 
and 807 by using HTTP based requests. By leveraging 
technologies such as Simple Object Access Protocol 
(SOAP), the Support Node (SN) 805 can package up 
requests such as a collection command in an XML object. 
The Request can be sent to a “Support Proxy,” or virtual 
support node (VSN) 809 on the other side of the ?reWall 
807. A VSN 809 on the other side of the ?reWall 807 can 
translate that request into a collection command, or any 
other existing support request, that is run locally as though 
the ?reWall 807 Was never there. 

[0056] For example, a request to gather the contents of the 
‘/etc/netWorkrc’ ?le from enterprise 811a in a control plane 
might be desired. There is a SN 805 in the NOC and a VSN 
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809 inside the Control plane. The request for /etc/netWorkrc 
is made from the SN 805. The request is packaged as an 
XML SOAP object. The request is sent to the VSN 809 
inside the CP, and through the CP’s ?reWall (not shoWn). 
The VSN 809 hears the HTTP based SOAP request and 
translates it into a remote call to get the requested ?le from 
the enterprise 811a. The VSN 809 packages up the contents 
of the requested ?le into another XML SOAP object and 
sends it back to the SN 805. 

[0057] Referring noW to FIG. 9, there is shoWn an exem 
plary UDC having load balancing tools as described herein. 
An exemplary UDC 900 has tWo MDCs: Enterprise A. 901 
and Enterprise B 903. When the UDC 900 is deployed, the 
desired measurement tools (not shoWn) are installed on each 
component requiring measurement. Examples of resource 
monitoring tools are HP MeasureWare available from 
HeWlett-Packard Company. The MeasureWare agents are 
installed on the client. They monitor items like CPU usage, 
disk space usage, 1/0 or backbone traf?c per system. The HP 
OpenVieW family of products, speci?cally NetWork Node 
Manager (NNM), also available from HeWlett-Packard 
Company, can be used to monitor netWork traf?c throughout 
the UDC. At a desired periodicity, measurements are col 
lected by the measurement tools (support level monitoring 
tools) and stored in one or more databases 905. It Will be 
apparent to one of ordinary skill in the art that the perfor 
mance metrics database(s) 905 can be stored as ?at ?les, 
distributed across storage devices, or remain in internal 
memory 

[0058] In one embodiment, enterprise performance met 
rics 905 are retrieved by the appropriate control plane 907 
and then analyZed by an analysis engine 908 to identify 
recommended load balancing. The analysis engine compares 
loads on resources and determines Whether an enterprise is 
under-utiliZing or over-utiliZing VLAN resources. If, for 
instance, Enterprise A 901 has excess disk capacity and 
Enterprise B 903 has a need for disk capacity, the control 
plane 907 can automatically reallocate the disk drives Within 
its control. In some cases, reallocation cannot take place at 
the control plane level, because suf?cient resources are not 
available. In this case, the load balancing recommendations 
can be vieWed at the NOC 909. It may be that one control 
plane has insuf?cient resources, but another has a glut of 
resources. In one embodiment, a NOC operator reallocates 
resources among tWo or more control planes Within the 
UDC. In some cases additional resources must be deployed 
in the UDC to accommodate additional demand. In other 
cases, the monitored resources are netWork resources. The 
netWork resources are monitored at the NOC 909. In yet 
other cases, entire enterprises may be reallocated among 
control planes. 

[0059] In another embodiment, the enterprise performance 
metrics 905 are retrieved by a load balancer 910 and then 
analyZed by an analysis engine 911 to identify recommended 
load balancing in a report 913. This report may be human 
readable, machine readable or both. In one alternative 
embodiment, the report is machine readable and sent to the 
control planes for automatic rebalancing of resources. In 
another alternative embodiment, the report is human read 
able and sent to an operator at the NOC 909 for further 
consideration. In the case of UDC netWork resources, the 
control planes cannot automatically rebalance UDC 
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resources among control planes. An operator must intercede 
and execute recommended rebalancing. 

[0060] Typically, the support level monitoring tools are 
installed on UDC components When the UDC is deployed. 
In other embodiments, enterprise customers have service 
level agreements (SLA) With the UDC oWner/operator. In 
addition to voluntary rebalancing, an end-customer might 
have a SLA guaranteeing a speci?c transaction time or spare 
disk space. The support level monitoring tools can be 
deployed With the end-customer’s desired thresholds to 
trigger either a noti?cation message or automatic rebalanc 
ing When the threshold is reached. In another embodiment, 
desired pre-threshold triggers can be loaded into the analysis 
engine to notify an operator before a threshold is reached. 

[0061] In some cases, an end-customer may have con 
tracted for a minimal SLA that does not guarantee perfor 
mance. The pre-selected triggers and thresholds can be used 
as a tactic When offering the end-customer increased capac 
ity. At some point, an end-customer may require a higher 
level of SLA for their enterprise. In this case, the thresholds, 
and associated triggers, Will be updated in the support level 
monitoring tools. 

[0062] Referring noW to FIG. 10, there is shoWn the UDC 
900 of FIG. 9 With additional enterprises (VLANs) 
deployed and a connection to the Internet. UDC 1000 has a 
NOC 1001 monitoring tWo control planesA and B (1010 and 
1020, respectively). Control plane A 1010 is con?gured With 
tWo enterprises, or VLAN s: enterprise A 1011 and enterprise 
B 1015. Control plane B 1020 is con?gured With three 
enterprises, or VLANs: enterprise C 1021 and enterprise D 
1023, and enterprise E 1025. Control plane A 1010 con?g 
ures enterprises A and B according to the requirements of 
end-customers oWning the respective enterprises. Enterprise 
A has a host CPU A 1012 and enterprise B has a host CPU 
B 1016. When the control plane A 1010 con?gures its 
resources to comprise tWo VLAN s, i.e., enterprises A and B, 
it deploys the necessary support level monitoring tools 1013 
and 1017 to host CPUs A and B, respectively. Similarly, 
control plane B 1020 controls three VLANs (1021, 1023, 
1025), each having a host CPU and deployed monitoring 
tools. Control plane B also has spare resources 1027. The 
control planes are connected to the Internet 1040, or another 
netWork, through a ?reWall 1030. 

[0063] For control plane A 1010, monitoring tools 1013, 
1017 provide the control plane 1010 With performance 
metrics. In one embodiment, an analysis engine resides on 
the control plane manager A 1010 and determines Whether 
resources should be reallocated. In one eXample, enterprise 
A and B are both near capacity for disk space. Control plane 
A cannot reallocate additional resources, because none are 
available. Amessage is sent to the NOC 1001 With a request 
for additional resources. Control plane B monitors its 
VLANs and determines that no reallocation is necessary. It 
also noti?es the NOC 1001 that it has spare resources 1027. 
A NOC operator physically removes the appropriate 
resources 1027 from control plane B 1020 and connects 
them to the physical netWork for control plane A 1010. It 
then noti?es control plane A 1010 that additional resources 
1027 are available so that control plane A 1010 can reallo 
cate the necessary resources 1027 to enterprises A and B 
(1011, 1015). In this Way, resources can be reallocated 
Within the UDC 1000 in a optimal fashion. 
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[0064] The UDC 1000 is deployed With netWork monitors 
installed, also. Traf?c across ?reWall 1030 to the Internet 
1040 is monitored. In one embodiment, NNM is used to 
monitor netWork traf?c. NNM Watches the amount of data or 
packets that go through each particular LAN card or netWork 
device in the system. An NNM agent can be deployed on 
each computer system in the control plane or in the MDC. 
Thus, overall LAN or netWork capacity can be monitored for 
a control plane, or for a control plane MDC. A variety of 
algorithms may be used to compare a predicted capability 
With an actual capability. It can then be determined Whether 
bandWidth needs to be increased. 

[0065] For instance, if netWork traf?c is too high, a NOC 
operator may decide that a second ?reWall, or portal, to the 
Internet is required. Once the second ?reWall (not shoWn) is 
deployed, then traffic can again be monitored. It may be that 
control plane B 1020 sends 300% more data to/from the 
Internet than control plane A 1010. The NOC operator may 
then decide that enterprise E 1025 is over-loading control 
plane B’s communication and it should be physically moved 
to the physical netWork of control plane A 1010. The 
recon?gured UDC is shoWn in FIG. 11. 

[0066] Referring noW to FIG. 11, there is shoWn a recon 
?gured control plane A‘1010A and a recon?gured control 
plane B‘1020A. Control plane A‘1010A noW controls enter 
prises A, B, and E (1011, 1015, and 1025, respectively). 
Control plane B‘1020A noW controls enterprises C and D 
(1021 and 1023, respectively). NoW that netWork traf?c has 
equaliZed over the UDC resources, individual components 
can be balanced Within each control plane, as discussed 
above. 

[0067] The present system and method is an advantage 
over the prior art because a UDC can be deployed With 
minimal allocated resources. Data centers of the prior art 
must basically deploy and allocate a maXimum number of 
resources to each MDC, or enterprise. Data centers of the 
prior art have no Way to automatically reallocate resources 
among the enterprises because the individual enterprises are 
separate physical LANs. The present system and method 
alloWs the UDC oWner/operator to use feWer overall 
resources. Resources do not need to be added to the control 
planes until performance threshold are approached. If an 
end-customer (enterprise oWner) has contracted for a higher 
level of availability (in the SLA), then the UDC oWner Will 
incrementally add resources to the system, as required. 

[0068] The present system and method operates ef?ciently 
because it can pass the performance information from an 
enterprise level to a higher level, thus alloWing the resources 
to be properly managed. In the prior art, resources Were 
managed only Within the enterprise. The present system and 
method deploys a data center Where the resources can 
automatically be managed at a higher level, rather than 
having someone guess at load balancing among enterprises 
by taking enterprise-level reports and combining them 
together on their desk and ?ipping a coin. 

[0069] The terms and descriptions used herein are set forth 
by Way of illustration only and are not meant as limitations. 
Those skilled in the art Will recogniZe that many variations 
are possible Within the spirit and scope of the invention as 
de?ned in the folloWing claims, and their equivalents, in 
Which all terms are to be understood in their broadest 
possible sense unless otherWise indicated. 
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In the claims: 
1. A system for load balancing network components in a 

data center, comprising: 

at least one enterprise system executing on a virtual local 
area netWork (VLAN), the VLAN comprising a plu 
rality of netWork components; 

at least one control plane management system in a control 
plane that controls one or more VLANs utiliZing a 
protocol for uniquely identifying each netWork com 
ponent of the one or more VLANs controlled by the 
control plane management system, Wherein netWork 
communication Within the control plane is routed to a 
respective VLAN component based on a respective 
unique identi?er, and Wherein the control plane man 
agement system initially allocates respective netWork 
components to a speci?ed VLAN based on require 
ments of each enterprise system; 

means for collecting performance metrics from selected 
netWork components of the plurality of netWork com 
ponents; and 

means for performing load analysis using the collected 
performance metrics and pre-determined performance 
thresholds, the analysis means resulting in a recom 
mended allocation and con?guration of netWork com 
ponents in the control plane, Wherein the control plane 
automatically recon?gures netWork components based 
on the recommended allocation. 

2. The system as recited in claim 1, Wherein the control 
plane automatically recon?gures netWork components based 
on the recommended allocation, only if such reallocation is 
authoriZed. 

3. The system as recited in claim 1, Wherein the means for 
collecting performance metrics uses, for each of the selected 
netWork components, at least one standard support-level 
monitoring tool corresponding to the respective selected 
component. 

4. The system as recited in claim 3, Wherein monitoring 
tools include at least one tool selected from the group 
consisting of: CPU usage monitor, disk usage monitor, 
throughput monitor, Input/output (I/O) monitor, and netWork 
traf?c monitor. 

5. The system as recited in claim 1, further comprising: 

a netWork operations center (NOC) Which oversees the at 
least one control plane management system in the data 
center, the NOC communicating With each control 
plane management system through one or more ?re 
Walls and communicating With the VLAN components 
through its corresponding control plane management 
system and via at least one prede?ned port correspond 
ing to the protocol for uniquely identifying each com 
ponent, Wherein the NOC utiliZes a standard port and 
deploys local agents using translators for eXisting sup 
port actions, Wherein support services are deployed to 
the at least one control plane management system and 
each of the at least one control plane management 
system and each of the at least one enterprise to handle 
request and event objects sent through the ?reWalls; 

means for collecting netWork performance metrics from 
selected netWork components of the data center; and 

means for load analysis across control planes using the 
collected netWork performance metrics and pre-deter 
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mined performance thresholds, the netWork analysis 
means resulting in a recommended netWork allocation 
and con?guration of components in the data center. 

6. The system as recited in claim 4, Wherein an operator 
recon?gures resources across control planes in the data 
center, thereby recon?guring netWork components based on 
the recommended allocation. 

7. The system as recited in claim 6, Wherein an operator 
recon?gures resources across control planes in the data 
center, only if such reallocation is authoriZed. 

8. The system as recited in claim 6, Wherein an enterprise 
oWner is noti?ed of the recommended netWork allocation 
before recon?guring. 

9. The system as recited in claim 1. Wherein pre-deter 
mined performance thresholds are selected in a service level 
agreement betWeen the enterprise oWner and an oWner/ 
operator of the data center. 

10. A method for automatic load balancing of resources 
among enterprises in a data center, comprising: 

deploying at least one enterprise system eXecuting on a 
virtual local area netWork (VLAN), Wherein the VLAN 
comprises a plurality of netWork components, and 
Wherein at least one control plane management system 
in a control plane controls one or more VLANs, the 
control plane utiliZing a protocol for uniquely identi 
fying each netWork component of the one or more 
VLANs controlled by the control plane management 
system, and Wherein netWork communication Within 
the control plane is routed to a respective VLAN 
component based on the unique identi?er, and Wherein 
the control plane management system allocates each 
netWork component to a speci?ed VLAN based on 
requirements of each enterprise system, and Wherein a 
netWork operation center (NOC) oversees the at least 
one control plane management system in the data 
center; 

collecting performance metrics from selected netWork 
components of the plurality of netWork components; 
and 

performing load analysis using the collected performance 
metrics and pre-determined performance thresholds, 
the load analysis resulting in a recommended allocation 
and con?guration of netWork components in the control 
plane; and 

automatically recon?guring netWork components, by the 
control plane manager, based on the recommended 
allocation. 

11. The method as recited in claim 10, Wherein automati 
cally recon?guring netWork components, by the control 
plane manager is performed, only if such reallocation is 
authoriZed. 

12. The method as recited in claim 10, further comprising: 

communicating, by the NOC, With each control plane 
management system and to the VLAN components 
through its corresponding control plane management 
system, the communicating occurring through one or 
more ?reWalls via at least one prede?ned port corre 
sponding to the protocol for uniquely identifying each 
component, Wherein the NOC utiliZes a standard port 
for communication through the ?reWall to deploy local 
agents using translators for eXisting support actions; 
and 




